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Background 

The  objective  of  the  RF  Vacuum  MicioelectrcNiics  Program  is  to  establish  the  techndogy  base 
for  the  fabrication  of  practical,  high  peiformance  gated  vacuum  onitters  and  to  d^elt^  a  new 
class  of  RF  amplifiers  based  on  these  vacuum  miaoelectronic  onitters.  Our  technictd  ^>proach 
is  to  utilize  thin  film  technology  and  surface  micromachining  techniques  to  demonstrate  an  edge 
emitter  based  vacuum  tiiode  with  emission  current  density  of  10  at  less  than  250V 
which  can  be  trxxlulated  at  1  GHz  continuously  for  1  hour.  Figure  1  shows  a  schematic  cross 
section  of  our  thin  film  edge  emitter  approach.  Based  (m  our  experience  with  fabricating  and 
testing  edge  emitter  devices,  our  efforts  on  diis  program  will  be  focussed  on  develt^ing  a 
highly  stable,  uniform  and  reliable  current  emission  from  the  edge.  We  intend  to  achieve  these 
qualities  by 

-  use  of  thin  film  (200A)  edge  emittas  with  small  uniform  radius  of  curvature 

-  use  of  refractory  metal  emitter  structure  to  prevent  electromigraticm  and  burnout 

-  use  of  comb  emitter  structures  to  prevent  premature  emitter  burnout  during 
edge  formation 

-  use  of  current  equalization  series  elements  to  set  bias  currents. 

This  program  to  develop  an  edge  emitter  tnode  started  on  October  1, 1991.  The  baseline 
portion  of  the  prognun  is  for  18  months  with  the  above  mentioned  objectives  as  goals.  Upon 
successful  coi^letion  of  this  phase,  an  opticm  phase  for  12  months  can  be  implemented  by 
DARPA  where  the  objective  will  be  to  achieve  10  GHz  naodulatitxi  with  the  edge  emitter  device. 

Technical  Progress  During  Ouarty  nQ-1-91  to  12-31-91) 

Efforts  during  this  reporting  pmod  were  focussed  on  die  analysis  of  results  from  the  literature 
and  on  results  for  devices  faMcated  at  Hcmeywell  previously  so  as  to  develop  ^proaches  for 
obtaining  uniform  current  emission  from  a  dtin  film  et^e  emitter  without  binnout  Obsovation 
of  the  emitter  edge  during  emission  on  fabricated  thin  fflm  edge  devices  show  parts  of  the  edge 
spontaneously  burning  out  with  a  concomitant  sharp  drop  in  emission  current  However,  af& 
a  pmod  of  time  (typically  30  minutes),  die  emission  current  builds  up  again  indicating  another 
re^on  of  the  edge  is  emitting,  this  cycle  often  repeats  itself  several  times  before  die  entire  edge 
bums  out  The  burned  out  portions  of  the  edge  are  typicaUy  micron  sized  and  form 
systematically  down  the  edge  of  die  emitter.  We  also  obseKte,  on  occasion,  that  die  burnout 
does  no  originate  frxxn  the  ^ge  but  from  the  middle  of  the  filiiL 

The  above  observations  lead  us  to  speculate  on  the  causes  of  the  bum-out: 

-  Electron  heating  of  the  anode  (from  die  emission  current)  resulting  in  desorption  of 
positive  ions  wMch  are  accelerated  to  the  emitter  by  tlte  electric  field.  Tliis  results  in 
additional  heating  of  the  emitter  and  the  resultant  burnout 

-  Chirrait  concentration  at  localized  mictotips  on  the  emitter.  This  leads  to  very  high 
current  densities  with  the  resulting  temperature  rise  and  subsequent  melting  of  the  area 
adjacent  to  the  miciotip. 

We  believe  that  both  processes  are  occurring  with  die  latter  being  dominant  This  belief  is 
supported  by  the  gradual  burnout  of  the  edges  until  the  whole  edge  stops  emitting  current 
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The  conclusi(xis  drawn  firom  our  device  analysis  suggest  several  approaches  to  develc^ing  an 
edge  emitter  which  is  essentially  immune  to  burnout  and  has  uniform  emission  characteristics. 
These  approaches  include: 

-  using  comb  edges  with  high  valued  resistors  in  series  to  act  as  resistive  voltage  drq)s 

-  using  comb  edges  with  non  linear  resistors  or  current  sources  that  presets  the  current  per 
cc»nb 

-  using  comb  edges  with  non-linear  resistos  which  can  be  bypassed  after  the  edges  have 
developed 

-  develt^ing  a  process  that  will  smooth  die  thin  film  edge  after  the  sacrificial  layer  is 
removed,  e.g.,  electropolishing. 

We  are  implementing  the  above  approaches  in  several  emitter  designs  and  test  devices  which 
will  be  fafcncated  in  the  next  reporting  period.  Our  intent  will  be  to  increase  the  magnitude  and 
uniformity  of  emission  from  the  edge  emitter.  We  will  examine  the  problem  of  device 
operation  by  using  a  variety  of  test  structures  to  measure  the  following: 

•  Emissirai  uniformity  -  multiple  parallel  emitters  with  separate  connections 

•  Electrcxi  trajectories  -  multiple  anodes  with  separate  connections 

•  Emitter  tenqiaature  effects  -  directly  heated  emitter  to  verify  its  effect  on  emissicm 
and  its  uniformity 

•  Him  resistance  -  metal  film  resistance  patterns  to  evaluate  film  quality 

•  Dielectric  film  strengths  and  constants  -  a  variety  of  capacitance  structures 

•  Emissitxi  magnitude  -  variety  of  emim/anode  geometries  to  study  the  effects 
of  emitter  structures  and  distributed  anode/electron  collection. 

Figure  2  shows  a  schematic  diagram  of  a  field  emission  diode  with  current  equalization 
resistors  to  inqnove  the  emission  current  levels  of  tite  emitter.  Such  devices  will  be  included  in 
the  mask  set  design  presently  being  developed. 

Concurrent  with  the  design  development  has  been  the  developmoit  of  a  suitable  thin  film 
resistor  for  achieving  uniform  current  emission.  Our  initial  estimates  indicate  that  the  material 
must  have  a  resistivity  of  1  to  10  MO/square.  Three  candidates  are  being  explored  for  this 
application:  tantalum  nitride,  polysilicon  and  a  cermet  material  such  as  silicon  oxide  doped 
with  chrome  or  ^Id.  Our  initial  experiments  witii  TaN  indicate  many  of  the  necessary  thin 
film  propertes  for  die  edge  emitter  application  including  craitrollable  resistivity  wd  process 
compatibility.  Figure  3  is  a  plot  of  sheet  resistance  vs.  nitrogen  concentration  for  lOOOA  TaN 
films  reactively  sputtered  (rotational  mode)  in  a  PE-24(X)  system.  The  N2  concentration  range 
of  20-80%  (N2  in  Ar)  gives  sheet  resistance  values  of  less  than  10^  0/square  to  greater  dian 
IQtiQ/square.  TaN  will  be  used  in  the  first  emitter  fabrication  runs.  Lastly  doped  polysilicon 
is  also  h^g  explored  because  of  its  lug^  resistivity  and  because  its  resistivi^  is  voltage 
dqwndent,  the  resistivity  increasing  with  increasing  bias.  We  have  (Mxlered  a  lightly  doped 
polysiUcon  tq)uttering  target  and  wU  begin  depoating  and  characterizing  thin  films  the 
material  during  the  next  reputing  period. 
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Plans  for  upcoming  quarter 

Our  efforts  during  the  next  quarter  will  focus  on  the  following: 

•  complete  test  structure  designs  for  edge  emitter  studies  ( 1/92) 

•  fabricate  first  edge  emitters  (diodes)  with  TaN  current  (2/92) 

limit  resistors 

•  demonstrate  high  resistivity  polysilicon  thin  films  (3/92) 

•  carry  out  detailed  dielectric  studies  of  PECVD  and  MRC  deposited 

nitrides  and  oxides  as  well  as  BSQ  thin  films  (3/92) 

•  complete  first  analysis  of  mechanical  aiKl  electrical  stability  or  triode  device 

structures  using  ANSYS  (3/92) 

•  begin  triode  device  design  (2/92). 
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Figure  1.  Schonatic  cross  section  of  the  edge  enutteriqipioach  to  be  investigated  on  this 
prognuxL  Figure  la  illustrates  a  s&  view,  while  Hguie  lb  illustrates  diat  die 
edge  emitter  may  be  segmented  in  a  comb  or  sawto^  structure  with  current 
eoualizaiion  dements  used  to  ensure  unifonn  current  emission  fiom  "each"  edge 
of  the  emitter.  A  varies  of  similar  structures  will  be  investigated  as  well  as  the 
materials  techndogy  required  to  adiieve  highAinifoim  current  emission. 
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Figure  2.  Schematic  diagr^  of  a  field  emissicMi  diode  showing  connection  of 
cunent  equalization  resistors  to  improve  diode  current  capabilities. 
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iheet  resistance  vs.  nitrogen  concentration  fcv  lOOOA  TaN  thin  films  reactively  sputtered. 


